(19) 



J 



Europaisches Patentamt 
European Patent Office 
Office europeen des brevets 



(12) 



(11) EP 0 838 804 A2 

EUROPEAN PATENT APPLICATION 



(43) 


Date of publication: 


(51) lntCI.6: G10L 3/02 




29.04.1998 Bulletin 1998/18 


(21) 


Application nunnber: 97308291.0 




(22) 


Date of filing: 17.10.1997 




(84) 


Designated Contracting Slates: 


(72) Inventors: 




AT BE CH DE DK ES Fl FR GB GR IE IT LI LU MC 


• Ohmori, Shiro 




NL PT SE 


Shinagawa-ku, Tokyo (JP) 




Designated Extension States: 


• Nishiguchi, Masayuki 




AL LT LV RO SI 


Shinagawa-ku, Tokyo (JP) 


(30) 


Priority: 24.10.1996 JP 282234/96 


(74) Representative: Nicholls, iVIichael John 






J.A. KEMP & CO. 


(71) 


Applicant: SONY CORPORATION 


14, South Square 




Tokyo (JP) 


Gray's Inn 






London WC1R5LX (GB) 



(54) Audio bandwidth extending system and method 



(57) A narrow band code book in which parameters 
of a the region of a narrow band audio signal obtained 
fronn patterns of a plurality of audio signals have previ- 
ously been stored and a wide band code book in which 
parameters of a time region of a wide band audio signal 
obtained from the patterns of a plurality of audio signals 
have previously been stored in correspondence to the 



code book of the narrow band are prepared. The input 
narrow band audio signal is analyzed by the code book 
of the narrow band and is synthesized by the code book 
of the wide band. In this instance, an autocorrelation is 
used as parameters of the code books. A signal ob- 
tained by up-sampling an LPC residual is used as an 
exciting source at the time of audio synthesis. 
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Description 

The invention relates to band width extending system and method of an audio signal for generating an audio signal 
of a wide band from an audio signal whose frequency band is limited to a narrow band by being transmitted through 
5 a transmission path such as a telephone line or the like. 

A band of a telephone line is so narrow to be, for example, 300 to 3400 kHz and a frequency band of an audio 
signal that is transmitted through the telephone line is limited. Therefore, a sound quality of the conventional analog 
telephone line is not good. There is also a dissatisfaction about a sound quality of a digital cellular phone. 

Various systems for extending an audio band width on the reception side and improving a sound quality have been 
10 proposed. Among them, there has been proposed a system such that a narrow band code book In which parameters 
of a narrow band audio signal derived from patterns of a plurality of audio signals have previously been stored as code 
vectors and a wide band code book in which parameters of a wide band audio signal derived from the patterns of the 
same audio signals as those signals have previously been stored as code vectors are prepared, an input signal is 
analyzed by the narrow band code book, and an audio synthesis is performed by using the wide band code book on 
15 the basis of the analysis result, thereby extending an audio band width and improving a sound quality 

That is, as shown in Fig. 6. in case of transmitting an audio signal through a transmission path like a telephone 
line, a frequency band of the audio signal from a speech side 101 is limited because it is transmitted through a trans- 
mission path 102. For example, even if the frequency band of the audio signal from the speech side 101 lies within a 
range about from 300 Hz to 7000 Hz, so long as it is transmitted via the transmission path 102, a frequency band of 
20 an audio signal to be sent to a reception side 103, is limited to a frequency within a range, for example, about from 
300 Hz to 3400 Hz. 

Therefore, as shown in Fig. 7. a narrow band code book 105 in which parameters of a narrow band audio signal 
which are derived from patterns of a plurality of audio signals have previously been stored as code vectors and a wide 
band code book 106 in which parameters of a wide band audio signal obtained from the patterns of the same audio 
25 signal have previously been stored in correspondence to the narrow band code book 105 are prepared. 

The code books 105 and 106 are formed by, for instance, dividing the same wide band audio signals into frames 
each having a predetermined length, forming patterns of a plurality of audio signals, and analyzing a spectrum envelope 
every frame. That Is, when the code books are formed, the wide band audio signal is used and the wide band audio 
signal is divided every predetermined frame. Spectrum envelope information when the wide band audio signal is an- 
30 alyzed as a wide band is stored as code vectors into the wide band code book 106. Spectrum envelope information 
when the wide band audio signal is band limited to, for example. 300 to 3400 Hz and is analyzed is stored as code 
vectors into the narrow band code book 105. 

As spectrum envelope information to be stored in the narrow band code book 1 05 and wide, band code book 106, 
an LPC cepstrum has been used hitherto. The LPC cepstrum is a cepstrum by linear predictive coefficients and is 
35 obtained as shown in the following equations (1 ). 

'c, = -a, 

.c„ = -a„-g(l-^)a„c„.„ (Kn^p) (D 
■c„ = -|:(l-|)a„c„.„ 

45 

where, 

a: linear predictive coefficients 
p: linear predictive degree 

50 

In Fig. 7, the narrow band audio signal sent from the speech side 101 to the reception side 103 through the trans- 
mission path 102 is first sent to an analyzing circuit 104. In the analyzing circuit 104, the input audio signal is divided 
every predetermined frames and a spectrum envelope is obtained. An output of the analyzing circuit 104 is sent to the 
narrow band code book 105. In the narrow band code book 105, the spectrum envelope analyzed by the analyzing 
55 circuit 104 and the spectrum envelope information stored in the narrow band code book 1 05 are compared, thereby 
performing a matching process. An output of the narrow band code book 105 is sent to the wide band code book 106. 
The spectrum envelope information of the wide band corresponding to the most matched spectrum envelope informa- 
tion in the narrow band code book 105 is read out from the wide band code book 106. 
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The wide band spectrum envelope information is sent to a synthesizing circuit 107. In the synthesizing circuit 107, 
the audio signal is synthesized by using the wide band spectrum envelope information read out from the wide band 
code book 106. Since the synthesized audio signal becomes the wide band audio signal because it is synthesized by 
using the wide band code book 106. 
5 As mentioned above, in the conventional audio band width extending system, the LPC cepstrum is used as code 

vectors. Noises and a pulse train are used as an exciting source when the audio signal is synthesized. In the LPC 
cepstrum, however, although the auditory distortion and the quantization error relatively coincide, since a logarithm 
scale is used, importance is attached to a portion of a small energy as compared with the case of using a linear scale. 
An error increases in a portion of a large energy. In case of using the LPC cepstrum in such an audio band width 

10 extending system, it is preferable to auditorily suppress a distortion in a vowel sound portion. Therefore, the LPC 
cepstrum is not always optimum. With respect to the exciting source, although a source that is as close as the LPC 
residual of the wide band ought to be good, the conventional system using the noises and pulse train is far from it. 

It is, therefore, an object of the invention to provide audio band width extending system and method which can 
more preferably perform an audio band width extension by making the information which the code book has and the 

15 exciting source more suitable. 

According to the invention, there is provided an audio band width extending system characterized by comprising: 
analyzing means for obtaining parameters of a time region from an input narrow band audio signal; exciting source 
forming means for obtaining an exciting source from the input narrow band audio signal; a narrow band code book in 
which the parameters of the time region of the narrow band audio signal obtained from patterns of a plurality of audio 

20 signals have previously been stored; a wide band code book in which parameters of a time region of a wide band audio 
signal obtained from patterns of the plurality of audio signals have previously been stored in correspondence to the 
code book of the narrow band; matching means for comparing the parameters of the time region of the audio signal 
of the input narrow band with the parameters of the time region of the Input narrow band audio signal stored in the 
narrow band code book and for retrieving an optimum parameter; and synthesizing means for reading out a corre- 

25 Spending parameter from the parameters of the time region of the wide band audio signal stored in the wide band code 
book on the basis of a retrieval result by the matching means and for synthesizing an output wide band audio signal 
on the basis of the exciting source formed by the exciting source forming means and the read-out parameter. 

According to the Invention, an autocorrelation is used as parameters of the time region. When an output audio 
signal Is synthesized by using a parameter of the wide band audio signal read out from the wide band code book, a 

30 signal obtained by up-sampling the LPC residual is used as an exciting source. 

As mentioned above, the narrow band code book in which the parameters of the time region of the narrow band 
audio signal obtained from the patterns of a plurality of audio signals have previously been stored and the wide band 
code book in which the parameters of the time region of the wide band audio signal derived from the pattern of a 
plurality of audio signals have previously been stored in correspondence to the code book of the narrow band are 

35 prepared, the analysis is performed by the narrow band code book, and the synthesis is executed by the wide band 
code book. In this instance, the autocorrelation is used as parameters of the code book and the signal obtained by up- 
sampling the LPC residual is used for the audio synthesis. When the autocorrelation is used, the error In a vowel sound 
having a large power is reduced and a good audio signal can be synthesized. 

The above, and other, objects, features and advantage of the present invention will become readily apparent from 

40 the following detailed description thereof which Is to be read In connection with the accompanying drawings, in which: 

Fig. 1 is a block diagram showing a construction of an audio band width extending system to which the invention 
Is applied; 

Fig. 2 Is a graph which Is used for explanation of the audio band width extending system to which the invention Is 
45 applied; 

Fig. 3 is a graph which is used for explanation of the audio band width extending system to which the Invention Is 
applied; 

Figs. 4A to AC are spectrum diagrams which is used for explanation of effects of the audio band width extending 
system to which the invention Is applied; 
50 Fig. 5 is a block diagram showing an example in the case where the Invention is applied to a cellular phone; 

Fig. 6 is a block diagram which is used for explanation of an audio transmitting path in which a frequency band Is 
limited; and 

Fig. 7 is a block diagram which is used for explanation of a conventional audio band width extending system. 

55 DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

An embodiment of the invention will now be described hereinbelow with reference to the drawings. Fig. 1 shows 
an example of an audio band width extending system to which the Invention Is applied. In Fig. 1 . a narrow band audio 
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signal in which a frequency band lies within a range of. for example, 300 Hz to 3400 Hz and a sannpling frequency is 
equal to 8 kHz is supplied to an input ternnlnal 1 . The narrow band audio signal is supplied to an LPC (Linear Predictive 
Coding) analyzing filter 2 and is also supplied to an up-sampling circuit 3. 

The up-sampling circuit 3 is used to up-sample a sampling frequency from 8 kHz to 16 kHz. An output of the up- 
5 sampling circuit 3 is supplied to an adding circuit 5 through a band pass filter 4 of a pass band in a range from 300 Hz 
to 3400 Hz. As will be explained herelnlater. a path along the up-sampling circuit 3, band pass filter 4. and adding 
circuit 5 is a path for adding a signal of components of the original frequency band to an audio signal of a high band 
which was audio synthesized. 

The LPC analyzing filter 2 divides a narrow band audio signal from the input terminal 1 into frames and executes 
10 an LPC analysis of the degree 10. An autocorrelation of degree 10 is obtained in the LPC analyzing step. The auto- 
correlation is sent to a narrow band code book 6 and is also sent to an affricate detecting circuit 7. The LPC residual 
obtained by the LPC analyzing filter 2 is sent to an up-sampling circuit 8. 

The LPC residual of the audio of the narrow band is up-sampled by the up-sampling circuit 8. An output of the up- 
sampling circuit 8 is sent to an LPC synthesizing filter 11 through a low pass filter 9 and a boosting circuit 10. A signal 
75 obtained by up-sampling the LPC residual and suppressing a high band is used as an exciting source when synthesizing 
the audio signal as will be explained heretnlater. The boosting circuit 10 is used to boost the exciting source when an 
affricate and a friction sound are detected. A boost amount of the boosting circuit 10 is controlled by an output of the 
affricate detecting circuit 7. 

Autocorrelation information of degree 10 of the narrow band audio signal derived from the patterns of a plurality 
20 of audio signals has previously been stored as code vectors in the narrow band code book 6. In the narrow band code 
book 6. the autocorrelation derived from the LPC analyzing filter 2 and the autocorrelation information stored in the 
narrow band code book 6 are compared, thereby performing a matching process. An index of the most matched au- 
tocorrelation information is sent to the wide band code book 12. 

Autocorrelation information of degree 20 of the wide band audio signal which is obtained from the audio signal of 
25 the same patterns as those when the narrow band code book 6 is formed has been stored as code vectors in the wide 
band code book 12 in correspondence to the narrow band code book 6. When the most matched autocorrelation 
information is discriminated in the narrow band code book 6, the index is sent to the wide band code book 12. Auto- 
correlation information of the wide band corresponding to the autocorrelation information of the narrow band which 
was discriminated as being maximally matched is read out by a wide band code book 12. 
30 The autocorrelation is a parameter of the. time region and is obtained as follows. 

(2) 

40 N: the number of audio samples 

A wide band code book 12 is formed as follows by using a wide band audio signal of 0 to 8000 kHz in which a 
sampling frequency is equal to 16 kHz. That is, when the wide band code book 12 is formed, the wide band audio 
signal is divided into frames of a length of 32 msec and every advanced 20 msec and an autocorrelation of degree 20 
45 is obtained in each frame. By using it, a code book of eight bits is formed by a GLA (General Lloyd Algorithm) algorithm. 
This code book is used as a wide band code book 4. A frame No. encoded to the i-th code vector in the wide band 
code book assumes Ai. 

The narrow band code book 6 is formed by using the audio signal which is the same as the signal used when 
forming the wide band code book 12 and in which a sampling frequency is equal to 8 kHz and a frequency band is 

so limited to 300 Hz to 3400 Hz. The audio signal which was limited to the narrow band is divided into frames at the same 
time as the time when the wide band code book 12 is formed, thereby obtaining an autocorrelation of degree 10 in 
each frame. A center of gravity of the narrow band autocorrelation of the frame which belongs to the frame No. Ai is 
obtained and the vectors are set to the i-th code vector of the narrow band code book, thereby making correspond to 
the wide band autocorrelation of the wide band code book of the frame No. Ai. 

55 In Fig. 1 , the autocorrelation information of the wide band read out from the wide band code book 1 2 is sent to an 

autocorrelation - linear predictive coefficient converting circuit 13. A conversion from the autocorrelation to the linear 
predictive coefficients is performed by the autocorrelation - linear predictive coefficient converting circuit 1 3. The linear 
predictive coefficients are sent to the LPC synthesizing filter 11 . 
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A signal in which the LPC residual from the LPC analyzing filter 2 is up-sannpled by the up-sampling circuit 8 and 
an aliasing distortion is generated and the high band side is suppressed by transmitting the signal through the low 
pass filter 9 is supplied to the LPC synthesizing filter 11. In the LPC synthesizing filter 11, a signal such that the LPC 
residual is up-sampled and the high band side of the aliasing distortion is suppressed is used as an exciting source 
5 and an LPC synthesis is executed by the linear predictive coefficients from the autocorrelation - linear predictive co- 
efficient converting circuit section 13. Thus, the audio signal of a wide band of 300 Hz to 7000 Hz is synthesized. 

The audio signal synthesized by the LPC synthesizing filter 11 is supplied to a band stop filter 14. The band stop 
filter 1 4 eliminates signal components of a frequency band of an input narrow band audio signal. In the band stop filter 
14, signal components of 300 Hz to 3400 Hz included in the audio signal of the original narrow band are eliminated 
JO from the audio signal of the wide band of frequencies of 300 Hz to 7000 Hz synthesized by the LPC synthesizing filter 
11 . An output of the band stop filter 14 is supplied to the adding circuit 5. 

The components of the audio signal of the original narrow band of frequencies of 300 Hz to 3400 Hz which was 
transmitted through the up-sampling circuit 3 and band pass filter 4 and the components of the audio synthesized audio 
signal of frequencies of 3400 Hz to 7000 Hz which was transmitted through the band stop filter 14 are added in the 
15 adding circuit 5. Thus, a digital audio signal in which a frequency band lies within a range from 300 to 7000 Hz and a 
sampling frequency is equal to 16 kHz is derived. The digital audio signal is outputted from an output terminal 15. 

As mentioned above, in the audio band width extending system to which the invention is applied, the input narrow 
band audio signal is analyzed by using the narrow band code book 6 and the wide band audio signal is synthesized 
by using the wide band code book 12. The autocorrelation is used as information of the code book. This is because 
20 although the LPC cepstrum has hitherto generally been used as spectrum envelope information, it has been found 
from the results of experiments that it is more auditorily preferable to use the autocorrelation which is not the logarithm 
scale rather than the case of using the LPC cepstrum. It is considered that this is because in the LPC cepstrum, since 
the logarithm scale is used, the error is small in a consonant sound portion having a small power, the error is relatively 
large in a vowel sound portion having a large power. 
25 In the audio band width extending system to which the invention is applied, the signal such that the LPC residual 

is up-sampled and an aliasing distortion is generated and the high band side of the aliasing distortion is suppressed 
is used as an exciting source. By using such a signal, since the original audio power and a harmonic structure are 
preserved, a sufficient performance can be obtained as an exciting source. 

As mentioned above, the autocorrelation is used as information of the code books 6 and 12. the signal in which 
30 the LPC residual is up-sampled and the high band side of the aliasing distortion is suppressed is used as an exciting 
source, and the audio signal is synthesized, so that a good wide band audio signal of 300 Hz to 7000 Hz can be derived 
from the LPC synthesizing filter 11. 

In this manner, the wide band audio signal which is obtained from the LPC synthesizing filter 11 also includes the 
signal of the frequency components of the original band and the distortion is exerted on the frequency components of 
35 the original band by those processes. Therefore, if the output signal of the LPC synthesizing filter 11 is used as it is, 
an influence by the distortion of the frequency components of the origirial band occurs. 

Therefore, the components of the original audio signal of 300 Hz to 3400 Hz which was extracted by eliminating 
the frequency components of the original band of 300 Hz to 3400 Hz from the output of the LPC synthesizing filter 11 
by the band stop filter 14 and by transmitting the resultant signal through the band pass filter 4 and the components 
40 of the audio signal of 3400 Hz to 7000 Hz synthesized by the LPC synthesizing filter 11 are added. 

In the distance calculation at the time of formation of the code book, a weighting process can be also performed 
in a manner such that a weight of data of a high degree is reduced. That is, in the narrow band code book 6, weights 
of degrees 1 to 3 are set to *^ " and weights of degrees larger than 3 are set to "0". In the wide band code book 12. 
weights of degrees 1 to 6 are set to "V and weights of degrees larger than 6 are set to ■0". With this method, not only 
45 the memory capacity can be saved but also importance is attached to the reproduction of a coarse spectrum envelope 
as a nature of the autocorrelation parameters and an audio of a good quality can be obtained. 

As mentioned above, if the wide band audio signal is formed by the LPC synthesis by using the autocorrelation 
as a code vector and by using the signal in which the LPC residual is up-sampled and the high band is suppressed as 
an exciting source, particularly, the friction sound and affricate sound lack and a sound having a bad sharpness is 
50 obtained. Although a point that the prediction of the spectrum envelope is insufficient can be also mentioned as a 
cause, it is considered that it Is mainly caused by the lack of power of the exciting source. 

In the system to which the invention is applied, therefore, the affricate detecting circuit 7 to detect a friction sound 
or affricate and the boosting circuit 10 for boosting the whole band or a part of the band of the exciting source when 
the friction sound or affricate is detected are provided. The autocorrelation of degree 10 obtained in the LPC analyzing 
55 filter 2 is supplied to the affricate detecting circuit 7. In the affricate detecting circuit 7, whether the friction sound or 
affricate has been inputted or not is detected by using the frame power of degree 0, autocorrelation of degree 1 , and 
autocorrelation of degree 2 in the autocorrelation of degree 10. When the friction sound or affricate is detected by the 
affricate detecting circuit 7, the whole band or a part of the band of the exciting source is boosted by the boosting circuit 
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10. 

That is, as a result of the analysis of the autocorrelation of the input audio signal, it has been found that there are 
the following differences among the positional relations of the autocorrelation of degree 0, namely, the frame power, 
the autocorrelation of degree 1 , and the autocorrelation of degree 2 in case of the vowel sound and the case of the 

5 friction sound or affricate. In other words, now assuming that the frame power of degree 0 is set to RO and the auto- 
correlation of degree 1 is set to R1 and the autocorrelation of degree 2 is set to R2, as shown in Fig. 2, when the input 
audio signal is a vowel sound, the frame power RO of degree 0, autocorrelation R1 of degree 1, and autocorrelation 
R2 of degree 2 are aligned on an almost straight line. On the other hand, as shown in Fig. 3, in case of the friction 
sound or affricate, the frame power RO of degree 0, autocorrelation R1 of degree 1 , and autocorrelation R2 of degree 

10 2 have a positional relation such that they are arranged on a line that is convex downward. Therefore, the friction sound 
or affricate can be detected by discriminating whether the frame power RO of degree 0. autocorrelation R1 of degree 
1 , and autocorrelation R2 of degree 2 have a positional relation such that they are arranged on a line that is convex 
downward. 

By using the above relation, in the system to which the invention is applied, when the following conditions are 
15 satisfied, it is determined that there is the friction sound or affricate. 

Condition (1) 

When 

20 

RO is equal to or larger than a predetermined value, and 
R1 is equal to or larger than a predetermined value, and 
R1/R2 Is equal to or less than a predetermined value, 

25 it is decided that there is the friction sound or affricate. 

Condition (2) 

When 

30 

RO is equal to or larger than a predetermined value and is equal to or less than a predetermined value, and 
R1 is equal to or less than a predetermined value, and 
1 -R1 > R1 - R2, 

35 it is determined that there is the friction sound or affricate. 

Condition (3) 
When 

40 

RO Is equal to or larger than a predetermined value and is equal to or less than a predetermined value, and 
(R1 - dc)/(RO - dc) is equal to or less than a predetermined value, and 
1 - R1 > R1 - R2, 

45 it is determined that there is the friction sound or affricate, dc is set to a predetermined value every frame. 

When It is determined by the condition (1) or (2) that there is the friction sound or affricate, the exciting source is 
boosted by, for example, 10 dB. When it is decided by the condition (3) that there is the friction sound or affricate, the 
exciting source is boosted by, for example, 5 dB. 

When the above conditions are satisfied, if the exciting source is instantaneously boosted, the sound will suddenly 
50 change and a feeling of physical disorder will be given. Therefore, the exciting source is smoothly boosted every frame 
so as not to suddenly change the exciting source, thereby making the change in boost of the exciting source incon- 
spicuous. 

It will be obviously understood from the experiments that the audio band width extension of good characteristics 
is executed by the audio band width extending system to which the invention is applied. That Is, Figs. 4A to 4C show 
55 experimental results when the band width extension of the audio signal is performed by using the audio band width 
extending system to which the invention is applied. Fig. 4A is a spectrum diagram of the wide band audio signal serving 
as a source. It is assumed that the audio signal serving as a source is band limited as shown in Fig. 48 and the band 
width extension Is performed by the audio band width extending system to which the invention is applied. Fig. 4C shows 



6 



EP 0 838 804 A2 

the audio signal obtained by performing the band width extension of this signal. When comparing Figs. 4A and 4C, it 
will be understood that the band width extension of the audio signal could be performed at a high precision by the 
audio band width extending system to which the invention is applied. 

The invention can be used for improvement of a sound quality of an analog telephone line or improvement of a 
5 sound quality of a digital cellular phone. Particularly, in the digital cellular phone, the VSELP or PSI-CELP is used as 
a modulation system. Since the linear predictive coefficients and the exciting source are used in the VSELP or PSI- 
CELP, those information can be used at the time of an LPC analysis or LPC synthesis in the audio band width extending 
system. 

That is, Fig. 5 shows an application example in the digital cellular phone. As shown in Fig. 5, in the digital cellular 
10 phone, parameters which are equivalent to the exciting source and linear predictive coefficients to a^o are sent. 
The exciting source is supplied to an input terminal 21 and the linear predictive coefficients are supplied to an input 
terminal 22. The exciting source from the input terminal 21 is sent to an LPC synthesizing filter 23 and is also transmitted 
to an up-sampling circuit 24. An autocorrelation coefficient from the input terminal 22 is sent to the LPC synthesizing 
filter 23. 

IS In the LPC synthesizing filler 23, the audio signal is synthesized by using the linear predictive coefficients from 

the input terminal 22 on the basis of the exciting source from the input terminal 21 . The audio signal synthesized by 
the LPC synthesizing filter 23 is supplied to an up-sampling circuit 25. 

The up-sampling circuit 25 is used to up-sample a sampling frequency An output of the up-sampling circuit 25 is 
supplied to an adding circuit 27 through a band pass filter 26. A path along the up-sampling circuit 25, band pass filter 

20 26. and adding circuit 27 is a path for adding the signal of the components of the original frequency band to the syn- 
thesized audio signal. 

The linear predictive coefficients are sent from the LPC synthesizing filter 23 to a linear predictive coefficient - 
autocorrelation converting circuit 28. The linear predictive coefficient - autocorrelation converting circuit 28 converts 
the linear predictive coefficients into an autocorrelation. The autocorrelation is sent to a narrow band code book 29 

25 and is also supplied to an affricate detecting circuit 30. 

The exciting source from the input terminal 21 is sent to the up-sampling circuit 24. An output of the up-sampling 
circuit 24 is sent to an LPC synthesizing filter 33 through a low pass filter 31 and a boosting circuit 32. The boosting 
circuit 32 is used to boost the exciting source when an affricate or friction sound is detected. A boost amount of the 
boosting circuit 32 is controlled by an output of the affricate detecting circuit 30. 

30 Autocorrelation information of a narrow band audio signal derived from patterns of a plurality of audio signals has 

previously been stored as code vectors in the narrow band code book 29. In the narrow band code book 29, the 
autocorrelation from the linear predictive coefficient - autocorrelation converting circuit 28 and the autocorrelation in- 
formation stored In the narrow band code book 29 are compared, thereby performing a matching process. An index 
of the most matched autocorrelation information is sent to a wide band code book 34. 

35 In correspondence to the narrow band code book 29. autocorrelation Information of a wide band audio signal 

obtained from the audio signals of the same patterns as those when the narrow band code book 29 is formed has been 
stored in the wide band code book 34. When the most matched autocorrelation information is discriminated in the 
narrow band code book 29, its index is sent to the wide band code book 34. Autocorrelation information of a wide band 
corresponding to the autocorrelation information of a narrow band that is discriminated as being maximally matched 

40 is read out by the wide band code book 34. 

The autocorrelation information of the wide band read out from the wide band code book 34 is sent to an autocor- 
relation - linear predictive coefficient converting circuit 35. The conversion from the autocorrelation to the linear pre- 
dictive coefficients is executed by the autocorrelation - linear predictive coefficient converting circuit 35. The linear 
predictive coefficients are sent to the LPC synthesizing filter 33. 

45 An LPC synthesis is performed in the LPC synthesizing filter 33. Thus, the wide band audio signal is synthesized. 

The audio signal synthesized by the LPC synthesizing filter 33 is supplied to a band stop filter 36. An output of the 
band stop filter 36 is supplied to the adding circuit 27. 

The components of the audio signal of the original narrow band transmitted through the up-sampling circuit 25 and 
band pass filter 26 and the components of the audio synthesized audio signal of the high band which was transmitted 

50 through the band stop filter 36 are added by the adding circuit 27. Thus, the wide band audio signal is derived. The 
audio signal is outputted from an output terminal 37. 

As mentioned above, in the cellular phone system using the VSELP or PSI-CELP as a coding system, since the 
linear predictive coefficients and the exciting source are sent, the audio band width can be extended by using those 
information. 

55 According to the invention, the narrow band code book in which the parameters of the time region of the narrow 

band audio signal obtained from the patterns of a plurality of audio signal have previously been stored and the wide 
band code book in which the parameters of the time region of the wide band audio signal obtained from the patterns 
of a plurality of audio signals have previously been stored in correspondence to the code book of the narrow band are 
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prepared, the analysis is performed by the code book of the narrow band, and the synthesis is executed by the code 
book of the wide band. The autocorrelation is used as parameters of the code book. At the time of audio synthesis, 
the signal obtained by up-sampling the LPC residual is used as an exciting source. By using the autocorrelation, the 
error in a vowel sound having a large power decreases and a good audio signal can be synthesized. Since the signal 

s obtained by up-sampling the LPC residual is used as an exciting source, the exciting source approaches an ideal 
source and a good audio signal can be synthesized. 

Having described specific preferred embodiments of the present invention with reference to the accompanying 
drawings, it is to be understood that the invention is not limited to those precise embodiments, and that various changes 
and modifications may be effected therein by one skilled in the art without departing from the scope or the spirit of the 

10 invention as defined in the appended claims. 



Claims 

IS 1 . An audio band width extending system characterized by comprising: 

analyzing means for obtaining parameters of a time region from an input narrow band audio signal; 
exciting source forming means for obtaining an exciting source from said input narrow band audio signal; 
a narrow band code book in which the parameters of the time region of the narrow band audio signal obtained 
20 from patterns of a plurality of audio signals have previously been stored; 

a wide band code book in which parameters of a time region of a wide band audio signal obtained from patterns 
of said plurality of audio signals have previously been stored in correspondence to said code book of the 
narrow band; 

matching means for comparing the parameters of the time region of said audio signal of the input narrow band 
25 with the parameters of the time region of the input narrow band audio signal stored in said narrow band code 

book and for retrieving an optimum parameter; and 

synthesizing means for reading out a corresponding parameter from the parameters of the time region of the 
wide band audio signal stored in said wide band code book on the basis of a retrieval result by said matching 
means and for synthesizing an output wide band audio signal on the basis of the exciting source formed by 
30 said exciting source forming means and said read-out parameter. 

2. An audio band width extending system according to claim 1 . wherein said exciting source forming means uses a 
signal obtained by up-sampling an LPC residual of the input narrow band signal as said exciting source. 

35 3. An audio band width extending system according to claim 1 , wherein said exciting source forming means uses a 
signal obtained by up-sampling an LPC residual of the input narrow band signal and, further, suppressing a high 
band as said exciting source. 

4. An audio band width extending method characterized in that; 

40 

a narrow band code book in which parameters of a time region of a narrow band audio signal obtained from 
patterns of a plurality of audio signals have previously been stored and a wide band code book in which 
parameters of a time region of a wide band audio signal obtained from the patterns of said plurality of audio 
signals have previously been stored in correspondence to said code book of the narrow band are provided; 
45 parameters of a time region are obtained from an input narrow band audio signal; 

an exciting source is obtained from said input narrow band audio signal; 

the parameters of the time region of said audio signal of the input narrow band and the parameters of the time 
region of the input narrow band audio signal stored in said narrow band code book are compared and an 
optimum parameter is retrieved by matching; 
50 a corresponding parameter is read out from the parameters of the time region of the wide band audio signal 

stored in said wide band code book on the basis of a retrieval result by said matching; and 
an output wide band audio signal is synthesized on the basis of said exciting source and said read-out pa- 
rameter. 

55 5. An audio band width extending method according to claim 4, wherein a signal obtained by upsampling an LPC 
residual is used as said exciting source. 

6. An audio band width extending method according to claim 4. wherein a signal obtained by upsampling an LPC 
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residual and, further, suppressing a high band is used as said exciting source. 

7. An audio band width extending system according to claims 1 , 2 or 3 or an audio band width extending method 
according to claims 4, 5 and 6, wherein said parameters of the time region are set so that importance is attached 

5 to a distortion in a portion where an audio power is large at the time of a vector quantization. 

8. A system according to any one of claims 1 to 3 and 7 or a method according to any one of claims 4 to 7 wherein 
said parameters of the time region have an autocorrelation. 

10 9. A system or a method according to claim 8, wherein when said narrow band code book and said wide band code 
book are formed, a weight of data of a high degree is reduced. 

10. A system or a method according to claim 8 or 9, wherein when said narrow band code book and said wide band 
code book are formed, a weight of data of a high degree is set to "0". 

15 
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Fig. 1 
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Fig. 2 
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Fig. 4A 
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Fig. 5 
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Fig. 6 
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